Objective: the aim of this study was to compare the amount of apically extruded debris during the removal of root canal filling material using nickel-titanium rotary retreatment instruments and Hedström files. Material and Methods: sixty mandibular incisors with a single canal were instrumented and obturated by cold lateral compaction. For retreatment, specimens were randomly divided into four groups (n = 15): Hedström files with or without solvent; D-Race system and Mtwo retreatment system. Debris extruded apically during the removal of canal filling material was collected into preweighed Eppendorf tubes. The tubes were then stored in an incubator at 70°C for 5 days. The weight of the dry extruded debris was established by subtracting the preretreatment and postretreatment weight of the Eppendorf tubes for each group. The mean weights of extruded material were analyzed by one-way ANOVA. Results: the results showed that all retreatment techniques caused apical extrusion of debris, but no statistically significant difference was observed between groups (p>0.05). Conclusion: under the conditions of this study, all retreatment techniques caused apical debris extrusion.
Introduction

I
n Endodontics, some cases of treatment failure require new interventions. The main cause of endodontic failure is the persistence of bacteria in the root canal system, resulting in maintenance of periapical disease. In most of these cases, the first choice is the non-surgical retreatment, which consists of removing the root filling material followed by new instrumentation of the root canal and insertion of a new gutta-percha cone and endodontic sealer. 1, 2 During endodontic retreatment, some debris containing necrotic tissue, infected dentin and gutta-percha, and even bacteria, may be extruded through the apical foramen into the periradicular tissues. 3, 4 Many techniques with rotary nickel-titanium (NiTi) instruments [3] [4] [5] [6] and endodontic hand instruments using chemical solvents have been proposed for removing root filling materials [7] [8] [9] and, depending on the technique selected, the amount of debris may vary. This may lead to consequences ranging from slight inflammation to post-operatory flareup, as well as persistence of the periapical disease. 10 Some engine-driven instruments have been manufactured exclusively for endodontic retreatment. Therefore, this ex vivo study aims to quantitatively evaluate the amount of debris apically extruded during the removal of root canal filling material, using two rotary NiTi retreatment systems or Hedström files.
Material and Methods
All specimens used in this study were provided by the Tooth Bank of Estácio de Sá University. The research protocol was approved by the ethics committee of the same institution (process number 1.451.242).
Sixty human permanent mandibular incisors were analyzed by digital radiography (Schick Tech Inc, Long Island City, NY, USA) in the buccal and proximal directions to ensure the following inclusion criteria: a single root canal, a completely formed apex, and a root canal curvature less than 5 degrees, as previously described by Schneider.
11 Teeth with visible root caries, fractures or cracks, signs of internal or external resorption or calcification were excluded from the study. The soft tissue remnants were removed from the outer surface of the root using a hand scaler. Teeth were kept immersed in saline solution until the experiment was carried out.
After coronal preparation with high-speed burs, root canal patency was established with #10, #15, and #20 K-files stainless steel (SS) (Dentsply Maillefer, Ballaigues, Switzerland). The specimens were sectioned with a diamond disc (Dentorium, Farmingdale, NY, USA) and the crowns were removed to standardize the root lengths to 19 mm. The working length was established by subtracting one millimeter from the length of the file when its tip was visible at the apical foramen.
Gates-Glidden drills #2 and #3 (VDW, Munich, Germany) and SS K-files were used to prepare the cervical and middle thirds of the canals, according to the balancing forces technique described by Roane et al. 12 The apical preparation was completed with a SS K-file #35 to the working length, to configure the apical seat.
Step back shaping was performed with #40 through #70 SS K-files. At each instrument change, the canals were irrigated with 2 mL 2.5% sodium hypochlorite (NaOCl) with a syringe and a 29-G NaviTip irrigation needle (Ultradent, South Jordan, UT, USA). Canal patency was established using a #10 K-file through the apical fora-men. After concluding the preparation, the canals were irrigated with 5 mL 17% EDTA for 1 minute and subsequently rinsed with 10 mL distilled water.
Root Canal Obturation
The root canals were dried with sterile paper points and obturated using 0.02/35 master gutta-percha cone (Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil) and Sealer 26 (Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil) by the lateral compaction technique. The quality of the obturation was evaluated by mesiodistal and buccolingual radiographs. Obturation deemed as adequate was homogeneous throughout the entire root canal length, with no voids. Following that, 1 mm of obturating material was removed from the cervical third and the area was filled with Coltosol (Coltene, Rio de Janeiro, RJ, Brazil). The specimens were wrapped in a piece of gauze moistened with distilled water to prevent dehydration, and stored at 37 o C for 2 weeks to allow the sealers to set. All procedures were conducted by the same operator.
Collection of Debris
A similar experimental model was used for collecting extruded debris as previously described. 3 Each specimen was inserted into an unlidded Eppendorf tube, which was then attached to a glass flask through a rubber plug. A 25-gauge needle was inserted into the rubber plug to equalize the pressure inside the tube with the atmospheric pressure outside ( Figure 1 ). Finally, the debris-collecting apparatus was covered with a rubber dam. Prior to endodontic retreatment, all specimens were weighed to 10 -5 precision using an analytical microbalance (Toledo do Brasil Indústria de Balanças Ltda, São Bernardo do Campo, SP, Brazil). Three consecutive weighings were performed and the average weight was recorded.
Experimental Groups
After removal of the temporary filling material, the specimens were randomly divided into four equal groups (n = 15) according to the retreatment procedures.
Group I -Hedström files: the root canal filling material was removed from the cervical third with #3 and #2 Gates-Glidden drills, and the remaining obturating material was removed up to 1 mm from the working length by using #30, #25, #20, and #15 Hedström files in a circumferential motion. Apical preparation was finalized by using #40 K-file to the working length in a filing motion.
Group II -Hedström files with solvent: 0.1 mL of eucalyptol (Biodinâmica LTDA, Ibiporã, PR, Brazil) was placed on the entrance of the canal to dissolve the gutta-percha. The subsequent steps were the same as those performed for Group I.
Group III -D-Race system (FKG Dentaire, La Chauxde-Fonds, Switzerland): DR1 (30/.10) NiTi instrument was used in the cervical third and the initial portion of the middle third; DR2 (25/.04) NiTi instrument up to the working length, and 40/.04 BioRace (BR5) (FKG Dentaire, La Chauxde-Fonds, Switzerland) for apical preparation, according to the manufacturer's instructions.
Group IV -Mtwo R retreatment files (VDW, Munich, Germany): removal of the root canal filling material was achieved with Mtwo R2 (25/05) in the entire working length, according to the manufacturer's instructions. Apical preparation was performed with Reciproc R40 (40/.06) (VDW, Munich, Germany), also according to the manufacturer's instructions.
During instrumentation, each specimen, regardless of which group it belonged to, was irrigated with a total of 5 mL of distilled water with the aid of a 29-G NaviTip irrigation needle attached to a 5 mL syringe. In Group II, 0.1 mL of eucalyptol was used prior to the irrigation with distilled water.
Each sequence of instruments was used in five root canals. Each time an instrument was removed from the canal, and then it was inspected, cleaned, and discarded if any sign of plastic deformation was detected. Retreatment was considered as completed when foraminal patency was achieved, no root canal filling material was present on the instrument shaft, and root canal walls were smooth.
Evaluation of Apically Extruded Debris
A second blinded operator evaluated the amount of apically extruded debris. After retreatment, the Eppendorf tubes were removed from the glass flasks and the debris were attached to the external apical surface; the specimens were collected by washing with 1 mL of distilled water. The tubes were kept in an incubator at 70°C for 5 days to evaporate the distilled water before weighing. Specimens were weighed before and after retreatment, in triplicate. 
Statistical Analysis
All statistical tests were performed using Statistical Package for the Social Sciences (SPSS) software, version 21.0 (IBM, SP, Brazil). Normality distribution of all quantitative variables was verified using the Kolmogorov-Smirnov and Shapiro-Wilk tests and graphical analysis. The mean amounts of apically extruded debris in each of the four groups were compared by one-way analysis of variance (ANOVA). The statistical significance level of 5% (P<0.05) was established for all analyses.
Results
All experimental groups showed apical extrusion of debris, with no statistically significant differences between the groups (P>0.05). The means and standard deviations for each group are presented in Table 1 .
Discussion
During endodontic retreatment, microorganisms and their products, contaminated dentin filings, chemicals, and obturating materials may be extruded through the apical foramen. This may exacerbate the inflammatory response, contributing for postoperative pain. 10 Therefore, minimal apical extrusion of debris is desirable to avoid periapical tissue inflammation or even development of an infection process. 13 The protocols of this research were instituted aiming to reduce the number of variables involved in the endodontic retreatment: all specimens were permanent teeth with a single root canal and mature apex, all canals were prepared by a single operator, and the amount of irrigant used was the same for all the groups. To standardize the length of the roots in 19 mm, the crowns of all specimens were removed.
Distilled water was chosen as the irrigant to prevent formation of sodium hypochlorite crystals, which might have remained among the debris after the solution evaporation, thus altering the results. 14 The use of eucalyptol as gutta-percha solvent during endodontic retreatment is recommended by several authors; [15] [16] [17] nonetheless, other studies have demonstrated that canals may be cleaned solely through the mechanical action of the instruments.
18-20 Since the current literature has not reached a consensus on the need for a solvent during endodontic retreatment, its use seems to be based mostly on personal preference.
21
Turker et al. 22 evaluated the amount of debris extruded during retreatment of root canals obturated by the single cone or the lateral compaction techniques, with or without the use of solvent. Their results showed that the amounts of extruded debris were similar for both techniques, and that the group in which solvent was not used had a greater amount of extruded debris.
According to some studies, NiTi rotary instruments promote less apical extrusion than Hedström files due to the crown-down approach and instrument design, both of which favor removal of debris through the root canal. 23, 24 According to the results from our study, all groups evaluated had apical extrusion of debris with no statistically significant difference between the groups, which agrees with other studies. 7, 8, 25 Conversely, Çanakçi et al. 26 demonstrated that Mtwo R instruments promoted greater apical extrusion of debris compared to D-RaCe instruments. The authors attributed these results to the differences in instrument tip design: Mtwo has active tips, while D-RaCe files feature a non-cutting safety tip.
Topçuoglu et al. 4 evaluated Hedström files for endodontic retreatment and observed greater apical debris extrusion. According to these authors, the greater the instrument taper, the greater the amount of debris extruded apically. To avoid this bias, in our study all root canal preparations were finalized with #40 K-file.
According to Hülsmann & Bluhm, 27 their results showed no significant differences in the amount of apical extrusion among different techniques. These authors used semiquantitative methodology, in which scores were attributed to each technique, aiming to detect minimal differences between the techniques tested. In our study, despite the fact that a precision balance was used for all measurements, our results were similar for all techniques.
It is important to exercise caution when extrapolating these results into clinical practice. In experimental conditions, the apex is suspended inside an empty tube, while in an in vivo clinical scenario, the tooth is surrounded by periradicular tissues or granulomas, which offer some resistance to the extrusion of debris through the apex.
27 Some studies 28,29 used a sponge to simulate the apical barrier; however, this material may absorb some of the irrigant and debris, altering the results of the study.
Apical extrusion of debris during endodontic retreatment occurs frequently, regardless of the technique employed. The amount of debris extruded does not appear to be correlated with a specific technique nor with the instrument selected for removal of the root canal filling material. Regarding movement, recent studies have shown that rotatory or reciprocating movement does not have significant differences in relation to extrusion of debris and root filling removal during root canal retreatment. 30, 31 In our research, although the smaller extrusion occurred in the retreatment group with Mtwo and Reciproc instruments, this difference was not statistically significant. This result may have been due to the association of instruments with different kinematics, where continuous rotation was used to remove the root filling material and reciprocating movement to enlarge apical third, causing less extrusion than the techniques that used a single type of movement.
Conclusion
Within the limitations of this ex vivo study, all tested techniques promoted apical extrusion of debris. There was no significant difference among the 4 retreatment techniques in the amount of debris extruded apically.
